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(57) ABSTRACT 
Multifunctional peroxycarbonate esters are prepared 
by reacting a salt of a linear copolymer, having acid 
functionality, with a carbonate under oxidizing condi 
tions. The process of this invention can be adapted to 
permit the in situ generation of the peroxycarbonate 
ester in a suspension, solution or emulsion polymer 
ization system. Peroxycarbonate esters prepared in 
this manner are useful as initiators in the free radical 
polymerization of ethylenically unsaturated mono 
mers, as well as agents for the cross-linking of linear 
polymeric chains. 

24 Claims, No Drawings 
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LINEAR COPOLYMERS HAVING PENDANT 
PEROXYCARBONATE ESTER FUNCTIONALITY, 

THEIR SYNTHESIS AND USE 
This is a continuation of a application Ser. No. 

177, l 15, Filed Sept. 1, 1971. 
BACKGROUND OF THE INVENTION 

This invention is directed toward a process for the 
preparation of multifunctional peroxycarbonate esters, 
the peroxycarbonate ester products of this process, and 
a method for initiation of free radical polymerization of 
ethylenically unsaturated monomers. 

Olefinic and vinyl monomers are generally recog 
nized to respond to four types of initiators: (a) free rad 
ical; (b) cationic; (c) anionic; and (d) coordination. 
Probably the most common and widely accepted 
method for the initiation of polymerization of ethyleni 
cally unsaturated monomers involves the use of free 
radicals. Free radical polymerization ordinarily in 
volves the generation of a monomer radical through an 
interaction of the monomer with an initiator com 
pound, the propagation of the monomer radical chain 
and the termination of the polymer chain either 
through the exhaustion of monomer or by dispropor 
tionation, Flory, P. J., Journal American Chemical So 
ciety, 59:241 (1937). The class of compounds most 
widely used as initiators in the generation of monomer 
free radicals in the above type of synthesis are the per 
oxides. 
The peroxide and hydroperoxides of the type which 

can be employed in the initiation of free radical poly 
merization of ethylenically unsaturated compounds can 
be prepared by any one of a number of standard meth 
ods, see Kirk and Othmer, "Encyclopedia of Chemical 
Technology', 2nd Edition, Volume 14, pp. 776-794. 
Unfortunately, peroxides generated by standard meth 
ods of preparation ordinarily yield highly concentrated 
products which are subject to destabilization upon stor 
age, resulting in the formation of explosive mixtures. 
My invention is the discovery of a process for the 

preparation of multifunctional peroxycarbonate ester 
compounds. Unlike the conventional processes used in 
the preparation of peroxides, the process of this inven 
tion is adaptable to the in situ generation of the peroxy 
carbonate ester in a suspension, solution or emulsion 
polymerization system. A further advantage of these 
initiator compounds of my invention resides in their 
ability to impart greater stability to the polymers whose 
polymerization they initiate. The polymeric segments 
of these initiator compounds, which become integrated 
into the polymer chain during the polymerization pro 
cess, may also affect other physical properties of the 
polymer, depending upon their concentration relative 
to the polymer. This invention also includes the poly 
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meric products of this process and the method for the 
initiation of free radical polymerization of ethylenically 
unsaturated compounds utilizing the multifunctional 
peroxycarbonate esters as the initiators in these poly 
merization systems. 

SUMMARY OF THE INVENTION 

This invention is a process for the preparation multi 
functional peroxycarbonate esters from an acid salt of 
a linear copolymer and a carbonate comprising mixing 
the acid salt of the linear copolymer of the formula 

60 

2 

E-ol. 
wherein 
M is -CH-CH2-, 

-CH-C- or -CH2-CCH-CH2 
Ra 

where, 
R is -H, 

--OH or --OR 
O O 

with R" being CH, -CHs, 
R is -H, 

--OH, --OR" 
O O 

or phenyl 
Ra is -H, -CH, -OR' 
with R' being alkyl of 1 to 4 carbon atoms, 

R is -H, -F, -Cl, -Br or -CH 
M is 

R5R7 
-C-C 

ReRs 

where, 
Rs and R are independently selected from -H, 
-F, -Cl, 

--OH or --OR." 
O ... O 

with R' being -CH or -CH 
R and Rs are independently selected from -H, 
-F, -Cl, 

--OH, --OR, 
O O 

phenyl or 

(NO2 . X)s- o 

with R' being alkyl of 1 to 8 carbon atoms, 
X is halogen, and 
o is an integer from 0 to 3 

is to 1000 
J is l to 1000, and 
q is 4 to 1000 

with in excess of 4 moles per linear copolymer chain to 
stoichiometric quantities of a carbonate of the formula 

R-0-6-X 
O 

wherein 



3,879,353 
3 

R is alkyl of 1 to 7 carbon atoms, alkenyl of 1 to 4 
carbon atoms, aryl or substituted aryl, and 

X is halogen 
in a reaction medium, comprising water or mixtures of 
water and lower alkyl alcohols under oxidizing condi 
tions at temperatures ranging from about -15°C. to 
that temperature immediately below the thermal de 
composition point of the multifunctional peroxycar 
bonate ester for an interval of about l to 60 minutes. 

In the preferred process of this invention, the reac 
tants are salts of ethylene-acrylic acid copolymers, 
styrenemaleic anhydride, vinyl ether-maleic anhydride, 
and carbonates such as ethylene chlorocarbonate or 
ethylchlorocarbonate. Ordinarily, in those processes in 
which the reactants do not combine spontaneously at 
or near room temperature, the reaction temperature of 
the sytem should preferably be kept about 10 to 15C. 
below the thermal decomposition point of the peroxy 
carbonate ester. 
Further embodiments of this invention include a 

method for the initiation of the free radical polymeriza 
tion of ethylenically unsaturated monomers and the 
peroxycarbonate ester compounds of the following 
structural formula 

wherein 
M is - CH-CH-, 

R. Ra R 
-i-- or rCH-CCH-CH 

Ra 

where, 
R is -H, 

--OH o --OR 
O O 

with R' being -CH, -CH3, 
R is -H, 

-C-OH, -C-OR." 
O O 

or phenyl 
R is -H, -CH, -OR' 
with R' being alkyl of 1 to 4 carbon atoms, 
R is -H, -F, -Cl, -Br or -CH 

M is 

where, 
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4 
Rs and R are independently selected from -H, 
-F, -Cl, 

--OH o --OR." 
O O 

with R' being -CH or -CH5, 
R is -H, -F, -Cl, 

-c-OH, -C-OR." 
O O 

phenyl or 

(NOe). X) s- c. 

with R" being alkyl of 1 to 8 carbon atoms 
X is halogen 
a is an integer from 0 to 3 

R is alkyl of 1 to 7 carbon atoms, alkenyl of 1 to 
4 carbon atoms, aryl or halo-substituted aryl, 

n is l to 1000 
n is l to 1000, and 

q is 4 to 1000 
DESCRIPTION OF THE INVENTION INCLUDING 

PREFERRED EMBODIMENTS 

PREPARATION OF PEROXYCARBONATE 
ESTERS 

The peroxycarbonate ester product of the process of 
this invention is a linear copolymer having a degree of 
polymerization ranging from about 4 to about 1000 and 
pendant peroxycarbonate ester moieties extending 
from the backbone of the copolymer in a random or 
regular sequence depending upon the specific arrange 
ment of the various monomers in the copolymer. 
The peroxycarbonate ester compounds of this inven 

tion are prepared by the reaction of an acid salt of a lin 
ear copolymer with a carbonate in an aqueous reaction 
medium under oxidizing conditions. 

REACTANTS 

Copolymer Salt - The copolymer salt reactant of the 
process of this invention can itself be prepared by reac 
tion of an acid functional copolymer with the free cat 
ions in a basic aqueous solution. The conversion of the 
acid functional group(s) of the copolymer to the cor 
resonding salt can be brought about by first dissolving 
the copolymer in an aqueous solution containing a 
base, such as sodium hydroxide. The concentration of 
the base with respect to the copolymer should be care 
fully adjusted in order to insure some solubility of the 
acid functional copolymer. Addition of base in excess 
of that amount required to establish a solubility equilib 
rium will result in various undesirable side reactions 
upon the subsequent addition of the carbonate. This 
generation of carboxylate ions from the corresponding 
carboxylic acid follows well known acid dissociation 
patterns, Roberts and Caserio, Basic Principles of Or 
ganic Chemistry, Chapter 16, W. A. Benjamin, Inc., 
New York (1965). 
The acid functional copolymers which dissociate in 

basic aqueous solutions to form the corresponding salt 
reactant of this process are themselves prepared by 
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standard polymerization techniques. The various meth 
ods used in the preparation of the copolymers of the 
acid salt reactants of the process of this invention are 
well known and described in the literature, Sorenson 
and Campbell, Preparative Methods of Polymer Chemis 
try, Interscience Publishers Inc., New York (1962). 
The relative arrangement of the monomeric compo 

nents in the backbone of the copolymer salt reactants 
of the process of this invention will, of course, be deter 
mined by the relative reactivity ratios of the monomers 
used in the preparation of the specific copolymer. For 
example, preparation of copolymers from two mono 
mers whose corresponding free radicals prefer to react 
exclusively with its opposite number in the polymeriza 
tion system, will yield a copolymer having a regularly 
alternating arrangement of monomeric components 
along its backbone, irrespective of the relative propor 
tions of each monomer in the monomer feed. The free 
radical polymerization of ethylene with fumaric acid or 
maleic anhydride is representative of the preparation of 
alternating copolymer salt reactants of this invention. 
In sharp contrast, the preparation of copolymers from 
monomers which do not prefer to react exclusively with 
the other monomers in the system, will result in copoly 
mers having their monomeric components randomly 
arranged along their respective backbones. In those in 
stances where the disparity between the relative reac 
tivity ratios of the monomers is great, the resulting co 
polymer will have a correspondingly disparate ratio of 
one monomer to the other. The preparation of copoly 
mers from monomers having different reactivity ratios 
can, to some degree, be controlled by controlling the 
relative concentration of the monomers in the reaction 
system. The kinetics of copolymerization fo monomers 
having similar and widely varying reactivity ratios has 
been studied extensively, and the technical literature is 
replete with articles fully describing such phenomenon. 
See F. W. Billmeyer, Textbook of Polymer Science, 
Chapter 11, Interscience Publishers, New York (1966) 
and accompanying bibliography. Copolymer salts pre 
pared from ethylene-acrylic acid copolymers are illus 
trative of the random copolymerization of monomers 
having disparate reactivity ratios. 
The acid functional copolymers which can be used in 

the preparation of the salt reactants of the process of 
this invention can be represented by the following 
structural formula 

--, ) - Me '', 
wherein 
M is -CH-CH-, 

R. Re R4 
-CH-i- or -CH-CaCH-CH2 

Rs 

where, 
R is -H, 

with R" being -CH3, -CH3, 
R is -H, 
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10 
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6 
-C-OH, -C-OR" 

t 
O O 

or phenyl 
R is -H, -CH -OR' 
with R' being alkyl of 1 to 4 carbon atoms, 

R is -H, -F, -Cl, -Br or -CH 
R5R7 

-C-C- 

ReRs 
where, 
Rs and Rs are independently selected from 
-H, -F, -Cl, 

-C-OH or -C-OR 
O O 

with R' being -CH3 or -CH 
RT and Rs are independently selected from -H, 
-F, -Cl, 

--OH, --OR.", 
O O 

phenyl or 

(e. N(X) s- ov. 

with R' being alkyl of 1 to 8 carbon atoms, 
X is halogen, and 
a is an integer from 0 to 3 

n is to 1000 
is 1 to 1000 

q is 4 to 1000 
Copolymers having the above structural formula which 
can be used in the preparation of the copolymer salt re 
actant of the process of this invention are the copoly 
mers of ethylene-acrylic acid, ethylene-maleic anhy 
dride, butadiene-acrylic acid, styrene-acrylic acid, sty 
rene-maleic anhydride and vinyl ethermaleic anhy 
dride. 
The preferred salt reactants of the process of this in 

vention are prepared from copolymers of ethylene 
acrylic acid, styrene-maleic anhydride and vinyl ether 
maleic anhydride. 
Carbonate - The carbonate reactant of the process 

of this invention can be represented by the following 
strucural formula 

R-0--X 
O 

where, 
R9 is alkyl of 1 to 7 carbon atoms, alkenyl of to 4 
carbon atoms, aryl or substituted aryl, and 

X is halogen 
Carbonates of the above formula which can be used 

in the synthesis of the peroxycarbonate esters of this 
invention are ethyl and ethylene chlorocarbonate, 
propylchlorocarbonate, methylchlorocarbonate, their 
corresponding isomers and derivatives. Steric hinder 
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ance of the copolymer salt tends to indirectly limit both 
the size of the substituents and the degree of substitu 
tion on the carbonate reactant with which it is to react. 
Carbonates that are substituted with lower alkyl radi 
cals ( l to 2 carbon atoms) or with aryl and substituted 
aryl radicals (where the degree of secondary substitu 
tion on the aryl radical is similarly limited), appear to 
be more sterically compatible in reaction with the vari 
ous copolymer salts than more extensively substituted 
carbonate compounds and are, therefore, preferred in 
the process of this invention. 

OXIDIZING AGENT 

The oxidizing agents which can be used in the pro 
cess of this invention are the peroxides, the hydroper 
oxides and ozone; with hydrogen peroxide being the 
preferred agent of this proccss. 

In those instances where ozone is selected as the oxi 
dizing agent of choice, the ozone can be prepared si 
multaneous with the contacting of the reactants in sep 
arate vessels. Once generated, the ozone is bubbled 
through the reaction medium containing the reactants 
of this process. - 

In certain instances, the peroxycarbonate ester prod 
uct of this invention can itself be used as an oxidizing 
agent for the preparation of additional peroxycarbon 
ate ester compounds. 

REACTION MEDIUM 

The reaction medium for the process of this inven 
tion can be water or mixtures of water and lower alkyl 
alcohols (e.g. methyl or ethyl) in any proportion. 

In those instances in which the peroxycarbonate ester 
is to be generated in a polymerizing medium (suspen 
sion or emulsion systems), the reaction medium may 
also contain certain other materials indigenous to these 
systems. For example, suspension polymerization sys 
tems routinely contain dispersants to insure suspension 
of the monomer during polymerization, and, therefore, 
reaction media of this invention can also be expected 
to contain such typical dispersants as hydroxyethyl cel 
lulose, hydromethyl cellulose, methyl cellulose, polyvi 
nyl acetate, polyvinyl alcohol and gelatin, as well as 
other standard additives. 

PROCESS 
The peroxycarbonate esters of this invention can be 

prepared by the reaction of a linear copolymer salt of 
the type previously described, with in excess of 4 moles 
per copolymer chain to stoichiometric quantities of a 
carbonate under oxidizing conditions at temperatures 
ranging from about -15°C. to temperatures as high as 
200°C. 
The concentration of carbonate relative to acid salt 

of the linear copolymer is based on the degree of 
peroxycarbonate ester functionality requisite to effec 
tively initiate polymerization of ethylenically unsatu 
rated monomers. In most instances, an amount of ex 
cess of 4 such functional groups per polymer chain will 
suffice to achieve the desired initiator activity where 
customary quantities of such compounds are used to 
initiate polymerization. The range of concentration of 
carbonate relative to the acid salt of the linear copoly 
mer in the process of this invention can, therefore, 
range from in excess of 4 moles per linear copolymer 
chain to stoichiometric quantities. 
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The temperature required to shift the equilibrium of 

the reaction mass in favor of peroxycarbonate ester for 
mation varies directly with the particular combination 
of reactants in the system. In some instances, the reac 
tants combine so rapidly at room temperatures, that the 
system must be chilled and maintained at about -15°C. 
in order to contain and maintain control of such reac 
tion. In sharp contrast, where the copolymer salts are 
only slightly soluble in their reaction medium, elevated 
temperatures, often as high as 100°C. are required to 
shift the equilibrium of the reaction system in favor of 
peroxycarbonate ester formation. Often at such ele 
vated temperatures, the boiling point of the reaction 
medium is exceeded, and, therefore, the system must 
be pressurized to keep the fluid media of the system 
from evaporating. 
With limited exception, the thermal decomposition 

point of most of the peroxycarbonate ester compounds 
of this invention fall within the temperature range of 
about 30° to 100°C. In the preferred processes of this 
invention, the reaction temperature of the system 
should range from about 10 to 15C. below thermal 
decomposition point of the peroxycarbonate ester 
being prepared. 
The order of addition of the reactants to the reaction 

medium does not appear to be of critical importance 
nor does it appear necessary to agitate the reaction sys 
tem in order to cause combination of the reactants. 
However, some agitation may prove helpful to facilitate 
such combination and thereby reduce reaction time. 
The volume of reaction medium relative to the con 

centration of the reactants will vary depending upon 
whether or not the peroxycarbonate ester is to be gen 
erated in situ in a polymerization system or whether it 
is to be prepared independent of such system. In the 
former case, the concentration of the peroxycarbonate 
ester initiator in such a polymerization system will not 
ordinarily exceed 1% based on the volume of the reac 
tion medium in the system. Whereas, the preparation 
of the peroxycarbonate ester independent of such a po 
lymerization will ordinarily involve substantially less 
reaction medium, especially where the solubility of the 
copolymer permits the use of less. The volume of reac 
tion medium in this latter instance can often be equiva 
lent to the volume of reactants in the system and will 
seldom exceed about two fold the volume of such reac 
tants. 

In those circumstances where the peroxycarbonate 
ester is to be generated in situ and subsequently initiate 
free radical polymerization of the ethylenically unsatu 
rated monomer, the copolymer salt can be first gener 
ated in the reaction vessel, and then reacted with the 
carbonate and oxidizing agent. It may be advisable in 
certain instances, not to add the other components of 
the polymerization system to the reaction vessel until 
after the peroxycarbonate ester has been formed, in 
order to avoid destabilization of the peroxide groups of 
the peroxycarbonate ester. Subsequent to formation of 
this initiator compound, the various other components 
of the polymerization system can be freely added with 
out risk of destabilization. 
Where the peroxycarbonate ester is generated inde 

pendent of a polymerization system, it can be separated 
from the reaction medium by starving the system of sol 
vent and thereby precipitating the polymer. In most in 
stances the peroxycarbonate ester is separated by evap 
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oration of a reaction medium under a vacuum or by 
simple filtration techniques. 
Formation of the peroxycarbonate ester in situ in a 

polymerization system can proceed in the manner de 
scribed above with the only minor variant being the 
composition of the reaction medium. Once the peroxy 
carbonate ester has been formed, the monomer can 
then be added and the system subsequently heated to 
a temperature at or above which the peroxycarbonate 
ester decomposes to form free radicals which in turn 
initiate free radical polymerization of the monomer. 
The monomer can also be added to the polymerization 
system containing a linear copolymer salt and a carbon 
ate prior to the generation of the peroxycarbonate es 
ter. If the synthesis of the peroxycarbonate ester is car 
ried out at temperatures at or above the thermal de 
composition point of such compound, the peroxycar 
bonate ester will immediately decompose upon forma 
tion to form free radicals. These free radicals will then 
combine, as they are formed, with monomer and form 
monomer chain radicals. 
The rate of polymerization of the monomer within 

the system will vary directly with the square root of ini 
tiator concentration and the temperature of the system. 
Under normal reaction conditions, the concentration 
of monomer chain radicals within such a polymeriza 
tion system will assume a “steady state', such that the 
rate of their disappearance through termination will 
equal their rate of formation. activation 
The peroxycarbonate esters of this invention are also 

sensitive to photochemical destabilization upon ex 
posurer to ultra violet (UV) light. Of course, the spe 
cific wavelength which can most efficiently cause de 
composition of the peroxycarbonate ester to free radi 
cals will shift with the variations in absorption of the 
specific peroxycarbonate ester; each such compound 
having a greater sensitivity to certain wavelengths of 
light. The amount of UV energy required to activate, 
decompose or destabilize the covalent bonds of the 
peroxide groups in the peroxycarbonate ester will also 
be dependent upon the relative stability of the peroxide 
functional group. Activation, decomposition or desta 
bilization of the initiator compound of the process of 
this invention can occur over a broad band of UV 
wavelengths; however, the interval required for such 
activation will be most abbreviated at wavelengths of 
greater absorption. 
Both the wavelength of the activating light source 

and interval required for exposure to such irradiation 
can be determined by simple experimental techniques, 
if such data is not so available in the technical litera 
ture. 

The concentration of initiator free radicals in the po 
lymerization system can also be controlled by the de 
composition of the initiator prior to the addition of the 
monomer. However, an unusually high concentration 
of initiator radicals within a polymerization system will 
ordinarily result in formation of polymers having a very 
low degree of polymerization. 
The amount of peroxycarbonate ester compound. 

therefore, needed to effectively initiate free radical po 
lymerization of ethylenically unsaturated monomer will 
vary with the relative reactivity of the monomer, the 
temperature of the particular polymerization system 
and the presence or absence of monomer during de 
composition of the initiator compound. 
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PHYSICAL PROPERTIES AND UTILITY 

The peroxycarbonate esters of this invention are lin 
ear copolymers having a degree of polymerization from 
about 4 to about 1000. The degree of polymerization 
and the respective molecular weights of these copoly 
mers can be calculated by vapor pressure osmometry 
or other standard techniques. The frequency and ar 
rangement of pendant peroxycarbonate ester function 
ality will of course vary with the random or alternating 
arrangement of the monomers in the polymeric chain. 
Since the peroxycarbonate esters of the invention 

readily undergo thermal and photochemical degrada 
tion to form free radicals, they are highly effective as 
a source of initiator compound in the polymerization of 
olefinic and vinyl monomers in emulsion, solution, sus 
pension and bulk polymerization systems. These 
peroxycarbonate esters are also highly effective in the 
initiation of the cross-linking of linear polymer chains 
and can themselves serve as a link between such adja 
cent polymeric chains. The peroxycarbonate esters 
themselves are also useful in the formation of highly 
branched polymer structures. 
The following examples further exemplify the pro 

cess, compositions and methods of this invention. Parts 
and percentages where appearing in such examples are 
by weight unless otherwise stipulated. 

EXAMPLE I 

Five parts of a 25 weight percent solution of a sodium 
salt of ethylene-acrylic acid copolymer (4:1 ratio) are 
added to a three neck flask containing 1600 parts wa 
ter, 24 parts of a 5 percent solution of hydroxyeth 
ylcellulose and 0.6 parts of a 50 percent aqueous solu 
tion of hydrogen peroxide. The above ingredients are 
mildly agitated until the solution is uniformly mixed. 
After the copolymer is uniformly dispersed throughout 
the aqueous solution, 0.5 parts of ethylchlorocarbonate 
is added. The ethylchlorocarbonate and copolymer 
react quite rapidly to form the multifunctional peroxy 
carbonate ester product. The multifunctional peroxy 
carbonate ester is separated from the reaction mass by 
filtration, washed and air dried. The peroxycarbonate 
ester can now be added to a reactor containing ethyl 
enically unsaturated monomer, or the monomer can be 
added directly to the above reaction mass containing 
the multifunctional peroxide. 

In the latter type of situation, the reactor containing 
the multifunctional peroxycarbonate ester is first 
purged with nitrogen, sealed and then 400 parts by 
weight vinyl chloride monomer added. The reactor is 
heated to 125°F. with agitation for a period of about 
4% hours. The reaction product, polyvinyl chloride, is 
separated from the reaction mass by filtration, washed 
with distilled water and air dried. 

EXAMPLE II 

Following the general procedure of Example I, a mul 
tifunctional peroxycarbonate ester is prepared from 
stoichiometric amounts of a sodium salt of a vinyl 
ether-maleic anhydride copolymer and ethylchlorocar 
bonate. 

EXAMPLE III 

Following the general procedure of Example I, a mul 
tifunctional peroxycarbonate ester is prepared from 
stoichiometric amounts of a sodium salt of a styrene 
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maleic anhydride copolymer and ethylchlorocarbon 
ate. 

EXAMPLE IV 

Following the general procedure of Example I, a mul 
tifunctional peroxycarbonate ester is prepared from 
stoichiometric amounts of a sodium salt of a cthylene 
maleic anhydride copolymer and ethylchlorocarbon 
ate. 

EXAMPLE V 

Following the general procedure of Example I, a mul 
tifunctional peroxycarbonate ester is prepared from 
stoichiometric amounts of a sodium salt of a styrene 
acrylic acid copolymer (4 to 1 ratio) and ethylchloro 
carbonate. 

EXAMPLE VI 

Following the general procedure of Example I, a mul 
tifunctional peroxycarbonate ester is prepared from 
stoichiometric amounts of a sodium salt of a vinyl 
ether-maleic anhydride copolymer and ethyclorocar 
bonate. 
What is claimed is: 
1. A process for the preparation of a linear copoly 

mer having pendant peroxycarbonate ester functional 
ity from an acid salt of a linear copolymer and a car 
bonate, which comprises: 
mixing the acid salt of a linear copolymer of the for 
mula 

-, -(M. C 

wherein 
M is -CH-CH-. 

Ril R2 R4 
-CH-C- or -CH2-C=CH-CH - 

f 

Rs 

where, 
R is -H, 

--OH O --OR." 
O O 

with R' being -CH3, -CHs, 
R is -H, 

-C-OH, -C-OR" 
t 

O O 

or phenyl 
R is -H, -CH3, -OR'' 
with R' being alkyl of 1 to 4 carbon atoms, 

R is -H, -F, -Cl, -Br or -CH3 
M is 

O 

2 5 

35 

40 

SO 

60 

65 

where, Rs and R are independently selected from 
-H, -F, -Cl, 

-C-OH or -C-OR''' 
f 

O O 

with R' being -CH3 or -CH 
R and Rs are independently selected from 
-H, -F, -Cl, 

-C-OH, -C-ORV, 
O O 

phenyl or 

(NO2)c (X)s-c 
with R' being an alkyl of 1 to 8 carbon atoms, 

a is 0 to 3, and X is a halogen 
n is 1 to 1000 
it is to 1000 
q is 4 to 1000 

with a carbonate of the formula 

9 
O 

wherein 
R is an alkyl of 1 to 7 carbon atoms, alkenyl of l to 
4 carbon atoms, aryl or substituted aryl, and 

X is halogen 
in a reaction medium, comprising water or mixtures of 
water and lower alkyl alcohols and in the presence of 
hydrogen peroxide or ozone at temperatures ranging 
from about -15°C. to 200C, so as to form said linear 
copolymer having pendant peroxycarbonate ester func 
tionality. 

2. The process as defined in claim 1, wherein the lin 
ear copolymer salt is derived from an ethylene-acrylic 
acid copolymer. 

3. The process as defined in claim 1, wherein the lin 
ear copolymer salt is derived from an ethylene-maleic 
anhydride copolymer. 

4. The process as defined in claim 1, wherein the lin 
ear copolymer salt is derived from a styrene-acrylic 
acid copolymer. 

5. The process as defined in claim 1, wherein the lin 
ear copolymer salt is derived from a styrene-maleic an 
hydride copolymer. 

6. The process as defined in claim 1, wherein the lin 
ear copolymer salt is derived from a vinyl ether-maleic 
anhydride copolymer, 

7. The process as defined in claim 1 wherein the car 
bonate is ethylene chlorocarbonate. 
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8. The process as defined in claim 1, wherein the car 
bonate is ethylchlorocarbonate. 
9. The process as defined in claim 1 wherein hydro 

gen peroxide is employed. 
10. The process as defined in claim 1, wherein the 

mixture of acid salt of a linear copolymer and carbon 
ate are heated to a temperature about 150C. below the 
thermal decomposition point of the multifunctional 
peroxycarbonate ester. 

11. A method for the initiation of free radical poly 
merization of ethylenically unsaturated monomers with 
a peroxycarbonate ester, comprising: 

a. contacting an ethylenically unsaturated monomer 
in an aqueous medium with an effective polymer 
ization initiating amount of a linear copolymer hav 
ing pendant peroxycarbonate ester functionality 
produced in accordance with the process of claim 
1 

b. generating free radicals by destabilization of per 
oxide groups of said linear copolymer having pen 
dant peroxycarbonate ester functionality. 

12. The method for the initiation of free radical poly 
merization as defined in claim 11, wherein free radicals 
are generated by thermal destabilization of the perox 
ide groups of the peroxycarbonate ester by heating at 
temperatures sufficient to cause cleavage of peroxide 
bonds. 

13. The method for initiation of free radical polymer 
ization as defined in claim 11, wherein free radicals are 
generated by photochemical destabilization of the per 
oxide groups of the peroxycarbonate ester by exposure 
to ultra violet light for an interval sufficient to cause 
cleavage of peroxide bonds. 

14. The method for the initiation of free radical poly 
merization as defined in claim 11, wherein the peroxy 
carbonate ester is the product of the reaction of a stoi 
chiometric amount of a linear copolymer salt of 
ethyleneacrylic acid and a stoichiometric amount of 
ethylchlorocarbonate. 

15. The method for the initiation of free radical poly 
merization as defined in claim 11, wherein the peroxy 
carbonate ester is the product of the reaction of a stoi 
chiometric amount of a salt of an ethylene-maleic an 
hydride copolymer and a stoichiometric amount of 
ethylchlorocarbonate. 

16. The method for the initiation of free radical poly 
merization as defined in claim 11, wherein the peroxy 
carbonate ester is the product of the reaction of a stoi 
chiometric amount of a salt of a styrene-acrylic acid co 
polymer and a stoichiometric amount of ethylchloro 
carbonate. 

17. The method for the initiation of free radical poly 
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14 
merization as defined in claim 11, wherein the peroxy 
carbonate ester is the product of the reaction of a stoi 
chiometric amount of a salt of a styrene-maleic anhy 
dride copolymer ad a stoichiometric amount of ethyl 
chlorocarbonate. 

18. The method for the initiation of free radical poly 
merization as defined in claim 11, wherein the peroxy 
carbonate ester is the product of the reaction of a stoi 
chiometric amount of a salt of a vinyl ether-maleic an 
hydride copolymer and a stoichiometric amount of 
ethylchlorocarbonate. 

19. As a composition of matter a linear copolymer 
having pendant peroxycarbonate ester functionality 
said composition being the product of the process of 
claim 1. 
20. The composition of claim 19 wherein said acid 

salt of a linear copolymer is an acid salt of a linear 
copolyer of acrylic acid with ethylene or styrene. 
21. The composition of claim 19 wherein acid salt of 

a linear copolymer is an acid salt of a linear copolymer 
of maleic anhydride with styrene, ethylene, or vinyl 
ether. 
22. A method for the preparation of a linear copoly 

mer having pendant peroxycarbonate ester functional 
ity capable of initiating free radical polymerization 
which comprises reacting in a aqueous medium an acid 
salt of a linear copolymer having pendant acid func 
tionality with a carbonate of the formula 

O 

wherein R is an alkyl of 1 to 7 carbon atoms, alkenyl 
of 1 to 4 carbon atoms, aryl or substituted aryl, and X 
is halogen, and wherein said reacting is done in the 
presence of ozone or hydrogen peroxide at a tempera 
ture and for a time sufficient to form said linear copoly 
mer having pendant peroxycarbonate ester functional 
ity. 
23. As a composition of matter the reaction product 

of claim 22. 
24. In a method for the initiation of free radical poly 

merization of ethylenically unsaturated compounds 
wherein a free-radical polymerizable, ethylenically un 
saturated monomer is polymerized in the presence of 
peroxy, free-radical initiator, the improvement wherein 
said initiator is a linear copolymer having pendant 
peroxycarbonate ester functionality produced in accor 
dance with a method of claim 22. 

sk k :: *k sk 
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